Extending the potential applications of 4,5-dichloro-1,2,3-dithiazolium chloride chemistry, we investigated the synthesis of original derivatives of thieno [2,3-d]pyrimidin-4-one system by condensation of alkyl and aromatic diamines with 2-N-iminodithiazolothiophene derivatives. We continued our study for access to novel pyrazoloand pyrido-fused pyrimidinones using the potential applications of Appel's salt chemistry.
Introduction
Nitrogen-containing heterocycles with a sulfur atom are an important class of compounds in medicinal chemistry. The thienopyrimidinone nucleus is known to be a pharmacologically relevant structure in medicinal chemistry and has generated interest from many research groups on account of its useful biological properties. For instance, the thieno [2,3-d] pyrimidinone substructure exhibits anticancer, [1] [2] [3] [4] [5] antimalarial 6 and antitubercular 7 activities. Some thieno [2,3-d] pyrimidin-(4)-ones act as selective phosphodiesterase inhibitors for the treatment of inflammatory diseases, 8, 9 antagonists of the glutamate receptors 10 whereas others were identified as highly selective SIRT2 inhibitors. 11, 12 Owing to their growing use in compounds of therapeutic importance, the synthesis of various thienopyrimidinone-based molecules has been actively pursued in the last past decade and studied in detail, leading to several new developments. 3, 13, 14 This skeleton is usually obtained by condensation and ring closure from various 2,3-substituted thiophenes such as Gewald's amide, 15 2-aminothiophene-3-carbonitrile, 16 3-carbethoxy-2-phenylthioureathiophene, 17 2-aminothiophene-3-carboxylic ester. 18 It is well known that reaction of 4,5-dichloro-1,2,3-dithiazolium chloride (2) (Appel's salt) with primary aromatic amines allows access to N-arylimino-1,2,3-dithiazoles, usually in high yield. 19, 20 These imines have proved to be very versatile synthetic intermediates in heterocyclic chemistry, undergoing a variety of reactions initiated by nucleophilic attack at different sites on the dithiazole ring (Scheme 1).
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Scheme 1. Chemical transformations of N-arylimino-1,2,3-dithiazoles.
As a part of our ongoing research studies concerning the preparation and biological evaluation of sulphur and nitrogen-containing novel heterocycles, we have already been involved in exploiting the potential synthetic applications of 5-arylimino 4-chloro-5H-1,2,3-dithiazoles 24 . Kim and co-workers 25, 26 followed by us reported the conversion of methyl 3-N-(4-chloro-5H-1,2,3-dithiazol-5-ylidene)thiophene-2-carboxylate V with various alkyl and aromatic diamines into thieno[3,2-d]pyrimidin-4-one derivatives I, II, III, IV (Scheme 2.) 27, 28 However, no reports are available so far on the synthesis of thieno [2,3-d] pyrimidin-4-ones from imino-1,2,3-dithiazoles. Development of new original synthetic routes to this type of molecules remains a challenging task of current interest.
For the reason given above, we have investigated the synthesis of novel thieno [2,3-d] pyrimidinone derivatives using the potential applications of Appel's salt chemistry. 
Results and Discussion
Following the usual methods, 24 treatment of commercially available ethyl 2-amino-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carboxylate (1) with 4,5-dichloro-1,2,3-dithiazolium chloride (Appel's salt) (2) in dichloromethane at room temperature afforded 68% of the corresponding iminodithiazole (3) (Scheme 3). The presence of the fused cyclohexane ring avoids unwanted addition of Appel's salt at position C-5 of the thiophene.
Considering our previously published results 27, 28 and those from Kim's group, 25, 26 We discovered that stirring imine with ethylene diamine in THF at low temperature allowed the rapid synthesis of the original heterocyclic skeleton (4) (10% yield) accompanied by a large amount of the cyanothioformamide (5) (63%). Considering the previous results published by our team, 27, 28 the most plausible mechanism of the reaction implied existence of a key intermediate (VI) and a final nucleophilic attack of the primary amino group of ethylene diamine on the carbonitrile carbon to generate the cyclic amidine (Scheme 3). Pursuing our strategy, the iminodithiazole precursor (3) was heated under microwaves irradiation (at 120°) with o-aminobenzylamine and yielded 7% of new pentacyclic skeleton (6) and a mixture of two other products which were identified as the new 2-thiocarboxamidothiophene (7) (22%) and the known cyanothioformamide (5) (11%). It should be noticed that the resulting product (6) was difficult to isolate and the yield was quite low (7%), showing the difficulty for the intermediate to cyclize. Herein, formation of the pentacylic core (6) suggested nucleophilic substitution of the cyano group of the intermediate (VII) by the o-aminobenzylamine (Scheme 4).
Scheme 4. Synthesis of the novel pentacyclic thieno[2,3-d]pyrimidinone system (6).
In continuation of this work, we attempted to isolate the methyl 2-N-(4-chloro-5H-1,2,3-dithiazol-5-ylidene)thiophene-3-carboxylate counterpart. To the best of our knowledge, the chemical behaviour of this iminodithiazole with amines has never been reported.
We found that standard methods at room temperature 24 applied to the preparation of 2-Niminodithiazolothiophene derivatives led to a complex mixture of polymeric oily compounds resulting from electrophilic substitution at C-5 of the thiophene ring by N-1 of Appel's salt (2) . Nevertheless, condensation of the starting amino ester (8) with one equivalent of Appel's salt (2) in dichloromethane at low temperature (-20 °C) followed by addition of pyridine (2 equiv.) yielded 6% of rare methyl 2-N-(4-chloro-5H-1,2,3-dithiazol-5-ylidene)thiophene-3-carboxylate (9) (Scheme 5).
Scheme 5. Synthesis of methyl N-(4-chloro-5H-1,2,3-dithiazol-5-ylidene)thiophene (9) and conversion into the new 2-thiocarboxamide derivative (10).
We decided to investigate the reaction of imine (9) with o-aminobenzylamine (2 equiv.). Under heating in THF, a rather complex mixture was formed from which only the quinazoline-2-thiocarboxamide (3-carbethoxy-2-(quinazolinyl)thiocarboxamido thiophene) (10) was isolated in 14% yield. Whatever the experimental conditions, exposing the obtained imine (9) with diamine under microwave irradiation, neat or in a sealed vial, or in various solvent were unsuccessful to give the expected tetracyclic compound.
Furthermore, we have extended this methodology towards new polycyclic analogs, using ethyl 5-amino-1-methyl-1H-pyrazole-4-carboxylate and methyl 2-aminopyridine-3-carboxylate as readily available heteroaromatic substrates. Corresponding imines (11) and (12) were obtained in dichloromethane at room temperature with respectively 68% and 51% yields. Under the same conditions reported to those employed above, treatment of imines with alkane and aromatic diamines led to new heterocyclic fused pyrimidinones (Scheme 6). The reaction of imines with ethylene diamine afforded the cyclized and stable products (13 and 14) 29, 30 which result from the substitution of the cyano group by nucleophilic attack of the aliphatic amine of the intermediate (VIII) rather than the expected cyclic amidine described above. Finally, only the tetracyclic compound (15) was identified in 24% yield when imine (11) reacted with oaminobenzylamine. Compound (12) containing pyrimidine core did not react with aromatic diamine to give the target tetracyclic product. © ARKAT USA, Inc 
Conclusions
We described here a method which allows access to complex fused products starting from easily obtainable substrates in one step. We demonstrated that 5-(N-arylimino)-4-chloro-5H-1,2,3-dithiazole derivatives can be used as available building blocks for the rapid synthesis of various polycyclic molecules. The pharmacological targets of these original heterocycles remain to be established.
Experimental Section
General. All commercially available compounds were used as received without further purification. Silica gel 0.063-0.2 mm (70-230 mesh) was used for all column chromatography. NMR spectra were recorded on a Jeol NMR LA400 spectrometer in chloroform-d or DMSO-d 6 at 400 MHz for 1 H NMR spectra and 100 MHz MHz for 13 C NMR spectra. Chemical shifts were reported in ppm and multiplicities were described as follows: bs, broad singlet; s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet. Coupling constants 'J' were reported in Hz. IR spectra were recorded on a Perkin Elmer spectrum 100 FT-IR ATR spectrometer. Absorptions are given in wavenumbers (cm -1 ). Melting points were determined on a Kofler melting point apparatus. Mass spectra were measured with a Micro mass Q-TOF spectrometer. Microwave experiments were conducted in sealed vials (10 mL) with a Biotage Initiator microwave reactor (400 W, monomode system with a microwave power delivery system ranging from 5 to 400 W.) under air with magnetic stirring. Reaction temperature and pressure were determined using the built-in, on-line IR and pressure sensors.
General procedure for the synthesis of imino-1,2,3-dithiazoles 3, 9, 11 and 12 from starting amino ester derivatives. [25] [26] [27] [28] Under an inert atmosphere (argon), dithiazolium salt 1 (0.208 g, 1 mmol) was added to a solution of amino ester (1 mmol) in dichloromethane (5 mL). Pyridine (2 mmol) was slowly added. The mixture was stirred until all of the amine had been consumed (tlc control). The mixture was warmed to room temperature and the reaction mixture filtered through acidic alumina and pour into ice water and the organic layer was separated and the aqueous phase extracted with dichloromethane. The crude product was purified by column chromatography using petroleum ether/DCM as the eluent. General procedure for reaction of iminodithiazoles with 1,2-ethylene diamine, synthesis of compounds 4, 13 and 14. A solution of ethylene diamine (0.04 mL, 0.55 mmol) in tetrahydrofuran (THF) (5 mL) was added slowly to a solution of imino-1,2,3-dithiazole (compounds 3, 9, 11 and 12) (0.55 mmol) in THF (15 mL). The mixture was stirred at low temperature under inert atmosphere (argon) until all of the imine had been consumed (tlc control). After evaporation of the solvent under reduced pressure, column chromatography on silica gel with dichloromethane/ethanol (9:1, v/v) as solvents gave products 4, 5, 13 and 14 as solids. . General procedure for reaction of iminodithiazoles with 2-aminobenzylamine, synthesis of compounds 6,7,10 and 15. In a sealed vial, a solution of imino ester (0.66 mmol) and commercially avalaible 2-aminobenzylamine ( 0.16g, 1.32 mmol) in THF (3 mL) was heated under microwave irradiations at 120°C until all of the imine had been consumed (tlc control). After cooling, the solvent was evaporated off and the residue was purified by column chromatography to afford the various compounds 6,7,10 and 15. 1,2,3,4,6,11-Hexahydro-13-thia-5a,11,12-triaza-indeno[1,2-b 
